A novel kind of thermo and pH-responsive hydrogels was prepared by reacting N,O-carboxymethyl chitosan (NOCC) with amino-telechelic poly(Nisopropylacrylamide) (PNIPAAm-NH 2 ) as a drug delivery carrier. The hydrogels were characterized by FT-IR and 1 H-NMR techniques. The phase transition behavior of the hydrogels was found to be dependent on the NOCC/PNIPAAm-NH 2 weight ratio and pH value of the medium. The hydrogels with a higher content of PNIPAAm showed a definite phase transition at 32 ºC as it occurs in pure PNIPAAm. For the release study, NOCC-g-PNIPAAm beads were prepared using glutaraldehyde (GA) as a crosslinking agent. The swelling ratio of the beads was higher in pH 2.1 than pH 7.4. Moreover, the swelling ratio of the beads decreased with the increase in PNIPAAm content of the beads. The release profile of NOCCg-PNIPAAm beads showed a slower and controlled release of the entrapped ketoprofen, and found that the release behaviour was influenced by both the pH and temperature of the medium. It is expected that these smart hydrogels may be useful to develop drug delivery systems with improved drug loading capacity and controlled release behaviour.
Introduction
Hydrogels are hydrophilic three-dimensional polymer networks capable of absorbing a large volume of water or other biological fluid. Stimuli-sensitive hydrogels have the capability to change their swelling behaviour, permeability or mechanical strength in response to external stimuli, such as small changes in pH, ionic strength, temperature and electromagnetic radiation [1] [2] [3] [4] . Because of these useful properties, hydrogels have numerous applications, and they are particularly used in the medical and pharmaceutical fields [1, 2, 5] . In particular, polymers with a low critical solution temperature (LCST) or with ionisable groups, which provide networks that undergo reversible phase transitions, show an enormous potential to develop drug delivery systems useful to control both the site and the release rate of drugs [6] [7] [8] .
The thermosensitive hydrogel, poly(N-isopropylacrylamide) (PNIPAAm), is well known as the best candidate material for this task, owing to its LCST behaviour around 32 ºC in aqueous solution. In water, PNIPAAm chains hydrate to form an expanded structure when the temperature is kept below the LCST, with the PNIPAAm chains forming a more compact structure by dehydrating when heated above the LCST [1, 9] . The expanded/compact transition alters the permeability of the network and, therefore, this system can be used to switch the release on and off in drug devices [10, 11] . The combination of pH-and temperature-responsiveness is quite useful to protect drugs from degradation, to avoid those causing unwanted adverse effects, when they pass trough different organs and tissues, and to deliver drugs to specific tissues [7] . In case of PNIPAAm hydrogel, the incorporation of comonomers is essential to obtain pH-sensitivity and also to provide a sufficient loading capacity [11, 12] . The dependence of LCST of NIPAAm hydrogel on the nature of comonomer is, however, an obstacle to obtaining pH-sensitive devices, in which the PNIPAAm temperature-sensitive range is maintained [13, 14] . Hydrogels, which are prepared by grafting PNIPAAm onto ionisable hydrophilic polymers, may overcome these limitations.
N,O-carboxymethyl chitosan (NOCC) is a water soluble chitosan derivative having carboxymethyl substituents on some of both the amino and primary hydroxyl sites of the glucosamine units of the chitosan structure. NOCC also presents residual amino groups along its chains that are cationically charged in a wide range of physiological pHs [15, 16] . Chitosan and its derivatives are widely investigated for pharmaceutical purposes due to many useful characteristics such as low toxicity, high biocompatibility, thickening and film forming ability, bio adhesiveness, and excellent processability when incorporated to different pharmaceutical systems [17] [18] [19] [20] [21] [22] [23] . Chitosan gels and beads have been shown useful for site-specific drug delivery [15] . To increase the controlled release ability of chitosan systems, addition of temperature-sensitive components has been reported [16, [24] [25] [26] . The combination of chitosan derivative with PNIPAAm could be useful to develop hydrogels that simultaneously exhibit the properties of both components [27] . The goal of this study is to prepare temperature and pH-sensitive NOCC-g-PNIPAAm hydrogel using 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) mediated coupling reaction with a view to being used as drug delivery devices. Since the PNIPAAm side chains are grafted on both C 2 and C 6 positions of NOCC back bone, the resultant product will have definite phase transition behaviour with respect to temperature. This property may be useful for injectable drug delivery system to control the release of drug. In this study, the structure of the graft hydrogel was confirmed by FT-IR and 1 H NMR techniques. The phase transition behaviour of NOCC-g-PNIPAAm graft hydrogels was determined. For the drug delivery study, NOCC-g-PNIPAAm beads were prepared by using glutaraldehyde (GA) as a crosslinking agent [28] . The swelling properties of these beads as a function of temperature and pH values were investigated. The feasibility of these beads as a delivery carrier for the transfection of hydrophobic model drug, ketoprofen was investigated. Fig. 1 shows the FT-IR spectrum of chitosan, NOCC, PNIPAAm-NH 2 and NOCC-gPNIPAAm copolymers. The spectrum of chitosan shows a broad -OH stretch absorption band between 3450 and 3100 cm -1 and the aliphatic C-H stretch between 2990 and 2850 cm -1 . As the -OH stretch band and the aliphatic C-H stretch band are aligned, it appears as a broad band from 3450 and 2850 cm -1 in the spectrum. Other major absorption band between 1220 and 1020 cm -1 represents the free primary amino group (-NH 2 ) at C 2 position. The peak at 1647 cm -1 represents acetylated amino group of chitin, which indicates that the sample is not fully deacetylated. The peak at 1384 cm -1 represents the -C-O stretch of primary alcoholic group (-CH 2 -OH).
Results and discussion

FT-IR analysis
4000 3600 3200 2800 2400 2000 1600 1200 800 400 The spectrum of NOCC showed characteristic peaks at 1607 and 1400 cm -1 for asymmetry and symmetry stretch vibration of COO -respectively, suggesting that there were carboxymethyl groups existing on NOCC. Also, the C-O adsorption peak of the secondary hydroxyl group becomes stronger and moves to 1070 cm -1 . This is evidenced that the carboxymethyl substitution occurs at the C 6 position of chitosan derivative. In NIPAAm-NH 2 spectrum (Fig. 1b) , the characteristic peaks of amide I, II and primary amine are observed at 1655, 1542 and 3436 and 3298 cm -1 respectively. In addition, the characteristic peaks of NIPAAm monomer at 3175, 1623 and 1413 cm -1 assigned to CH, C=C and CH 2 =, respectively disappeared in NIPAAm-NH 2 . In the spectrums of NOCC-g-PNIPAAm copolymers (Fig. 1c-e Fig. 2 shows the 1 H-NMR spectra of NIPAAm and PNIPAAm. The spectrum of NIPAAm exhibited peaks at 1.1 ppm due to the presence of methyl groups, 3.9 ppm due to -NH-CH-, and 5.7 -6.2 ppm due to the vinyl proton. The signal at around 4.8 ppm is ascribed to D 2 O. In comparison with the spectrum of NIPAAm, the spectra of PNIPAAm showed two broad signals at 1.1 and 1.7 ppm due to methyl and methylene protons instead of the peaks of the vinyl proton at 5.7 -6.2 ppm observed in the spectrum of the monomer. Also, new peaks at 2.7 and 2.9 ppm were observed as the chain-transfer agent (AESH) was introduced into the PNIPAAm. These indicate that NIPAAm has been successfully polymerized into PNIPAAm.
Fig. 2.
1 H-NMR spectra of (a) NIPAAm and (b) PNIPAAm.
Fig . 3 shows the 1 H-NMR spectra of NOCC and NOCC-g-PNIPAAm copolymers. As shown in the spectrum of NOCC (Fig. 3a) , the chemical shifts at 4.3 and 4.5 ppm were the protons of -CH 2 -COO -at the N-position at C 2 and the O-position at C 6 of the chitosan derivative (NOCC), respectively. This indicated that carboxymethyl substituents were observed on some of both the amino and primary hydroxyl sites of the modified chitosan structure. Fig. 4b-d shows the spectra of NOCC-g-PNIPAAm copolymers. The signals at 3.2 -4.2 ppm are multiplet and those are originated from NOCC. The signals due to -CH 3 , -CH and -CH 2 -CH-of PNIPAAm also appeared in the NOCC-g-PNIPAAm copolymers´ spectra. Accordingly, it is concluded that NOCC and PNIPAAm had been copolymerized. The intensity of PNIPAAm signals in the NOCC-g-PNIPAAm copolymers´ spectra increased as the relative amount of PNIPAAm to NOCC, employed in copolymerization, increased. 
Phase transition temperature
The phase transition behaviour of various samples at different pH values (2.1 and 7.4) was investigated by measuring the optical transmittance at 480 nm over the temperature range 20-50 ºC. There was no phase transition observed for NOCC in the investigated temperature range. However, pure PNIPAAm and NOCC-gPNIPAAm samples exhibited phase transition behaviour as shown in Fig. 4 . For pure PNIPAAm, a LCST at 32 ºC was clearly observed. The optical transmittance was almost 100% below 32 ºC and it dropped immediately to zero once the temperature was raised to above 32 ºC. The observed LCST was found to be independent of pH values. The reason for the LCST characteristic in PNIPAAm has been well exploited in literature [30] [31] [32] [33] [34] , which describes the precipitation above the LCST as due to the disruption of hydrogen bonding with water and the increasing hydrophobic interaction among isopropyl groups. When NOCC was grafted with PNIPAAm, the optical transmittance became dependent on the NOCC/PNIPAAm-NH 2 weight ratio and pH value. For a copolymer sample with higher PNIPAAm content (NOCC-g-PNIPAAm-3), Fig. 4 shows that its optical transmittance maintained at a constant value at low temperature and then started to decrease at 32 ºC. The fact that the phase transition temperature was the same as the LCST of pure PNIPAAm indicates that precipitation of the grafted PNIPAAm phase was not affected by the NOCC component. This is because of its graft copolymer structure. The effect of PNIPAAm content on the optical transmittance was clearly observed, when the temperature was raised above 32 ºC. As shown in Fig. 4 , the higher the content of PNIPAAm, the sharper the phase transition was. When the PNIPAAm content was low as in sample NOCC-g-PNIPAAm-1, the decrease in optical transmittance at transition temperature was not pronounced. For the sample NOCCg-PNIPAAm-3 with the higher PNIPAAm content, the phase transition behaviour became similar to pure PNIPAAm. The optical transmittance was also found to be dependent on pH value. The optical transmittance at pH 7.4 was lower than those at pH 2.1.
Swelling ratio of NOCC-g-PNIPAAm beads
The effect of NOCC/PNIPAAm-NH 2 weight ratio on the swelling ratios of the beads can be seen in Fig. 5 . It can be seen as an increase in the swelling ratios with the decrease of PNIPAAm content of the beads. Clearly, the swelling behaviour of the beads depends on the amount of the PNIPAAm grafted branches. A higher content of PNIPAAm can tune the hydrogel more hydrophobic, leading to a decrease of the swelling ratio. That is, the phase transition became more pronounced as the PNIPAAm content increased. Second, all copolymers had the same pH response as in chitosan. The swelling ratio always had the lowest values at pH 7.4. When the solution became more acidic, the swelling ratio increased due to the repulsive force between the protonated amino groups. Fig. 5 shows swelling ratio of NOCC-g-PNIPAAm beads at two different pH values (2.1 and 7.4) and temperatures (21 and 37 ºC). It can be seen that the swelling ratio of the beads was strongly dependent on both pH and temperature. Moreover, the swelling reached a stable equilibrium much more rapidly in pH 7.4 than in pH 2.1. In all the cases, the swelling ratio of beads was found to be higher in pH 2.1 than that in pH 7.4. The swelling behaviour of the beads at pH 2.1 was found to be preserved within 10 h, followed by dissolution after 24 h. It is known that a high concentration of the charged ionic group in the hydrogel increases swelling due to osmosis and charge repulsion [35] . Thus, when the degree of ionization of the hydrogel bound groups is decreased, swelling decreases. At a low pH, most of the residual amino groups of NOCC-g-PNIPAAm copolymer are protonated. Therefore, the repulsive force between positive charges of NOCC-gPNIPAAm molecules resulted in longer intermolecular distances which would be responsible for higher swelling ratio and rapid disintegration of NOCC-g-PNIPAAm beads. On the other hand, because of the aggregation and inter-molecular interactions, the swellability of the NOCC-g-PNIPAAm beads was found to be lower at pH 7.4. The swelling ratio of the beads was also found to be lower at 37 ºC than at 21 ºC. As mentioned in the previous section, this phenomenon may be attributed to the collapse of the graft copolymers due to the hydrophobic interaction among PNIPAAm side chains above LCST. This process may lead the hydrogel to a more compact hydrophobic state which would prevent the extent of swelling ratio [30] [31] [32] [33] [34] . However, at pH 7.4, the swelling ratio of the beads at above LCST was found to be almost similar to that of the beads at below LCST. At the basic medium, the aggregation and inter-molecular interactions between the polymer chains may be dominating the swelling ratio of the beads than the hydrophobic interaction among PNIPAAm chains. Therefore, there not much difference in swelling ratio at above and below LCST was observed.
Release properties
The release of ketoprofen from NOCC-g-PNIPAAm beads was carried out in acidic (pH 2.1) and basic (pH 7.4) solutions at 21 and 37 °C. Fig. 6 shows the release profiles of ketoprofen from NOCC-g-PNIPAAm-3 beads as a function of time. This study suggested that ketoprofen encapsulated with NOCC-g-PNIPAAm beads presented a slow and steady release into the medium and that equilibrium was reached after 20 h. The slow release of hydrophobic drug from the beads could be attributed to the complex formation between ketoprofen and NOCC-g-PNIPAAm.
There are different factors involved in the complex formation of NOCC-g-PNIPAAm with ketoprofen that include the van der Waals interaction between the hydrophobic moiety of the drug molecules and the PNIPAAm side chains and the hydrogen bonding between the polar functional groups molecules and the hydroxyl groups of NOCC. Fig. 6 shows that the percent of drug release from the NOCC-g-PNIPAAm beads is pH and temperature dependent. It occurs at higher rate in acidic medium than in basic medium. This can be explained considering the rate of diffusion from the swollen particles in acidic and basic media. As discussed before, in basic medium (pH 7.4), there is a limited swelling of the particles which inhibits the diffusion of drugs at a faster rate as it occurs in acidic medium (pH 2.1). Initially, the magnitude of swelling of particles in acidic medium is very high and gives rise to a significant burst effect through uncontrolled diffusion, but becomes almost constant due to controlled diffusion at beads equilibrium swelling. A higher swelling of the NOCC-g-PNIPAAm beads due to their longer intermolecular distances caused by the repulsive force between the protonated residual amine groups at the acidic medium enhances the diffusion of drugs at a faster rate. The controlled release profiles of the drug loaded NOCC-g-PNIPAAm beads at pH 7.4 indicate that these hydrogels can be exploited for oral as well as injectable drug delivery. By appropriate chemical modification of cross-linking densities of these gels, the rate of drug release can be modulated. These chitosan based stimuli-responsive hydrogels show an enormous potential to develop drug delivery systems useful to control both the site and the release rate of drugs. The release pattern of the drug from the NOCC-g-PNIPAAm beads was found to be influenced by temperature. At 21 ºC (swollen state), the release rate and the total amount released were notably greater than at 37 ºC (collapsed state). As explained before, the NOCC-g-PNIPAAm-3 has a high amount of PNIPAAm, which is more hydrophobic in nature, and in consequence develops a stronger deswelling than the other types of the beads. The drug molecules entrapped in the network diffuse the hydrogel out as it quickly becomes highly hydrated in the swollen state and its porosity increases. In contrast, at 37 ºC, the network is collapsed and its tendency to uptake water is significantly hindered, which decreases the drug diffusion. This effect was observed at both pH 2.1 and 7.4. These results suggest that the drug release rate of the NOCC-g-PNIPAAm beads could be controlled by changing the temperature. The drug release profiles from NOCC-g-PNIPAAm-1 and NOCC-gPNIPAAm-2 were found to be less temperature sensitive (results are not shown), which suggests that the smaller the amount of the PNIPAAm side chains, the smaller the influence of their collapse on the drug diffusion through the networks. Therefore, the preparation of NOCC-g-PNIPAAm hydrogel with different NOCC/PNIPAAm weight ratio makes it possible to obtain systems with a wide range of release behaviours.
The mechanisms of drug release from polymeric systems are discussed in detail previously [36] [37] [38] . The most common mechanisms by which release of drug from these systems occur are: erosion, diffusion, and swelling followed by diffusion.
Erosion may take place via hydration or hydrolysis of the bulk, the polymer being slowly degraded starting at the periphery of the particle. Diffusion can occur through the unhydrated polymer matrix but will generally be facilitated as the polymer gradually swells in contact with the body fluids. In the case of NOCC-g-PNIPAAm beads, it was observed that drug release is faster at the initial period of time. Then, almost a constant and much slower release rate is observed. It seems that the release obeys a swelling-controlled release mechanism, especially at this initial period of release. After this initial period, in which the swelling equilibrium is achieved, the release is most probably followed by a diffusion-controlled mechanism.
Conclusions
Dual-sensitive graft copolymers of NOCC and PNIPAAm were successfully synthesized through an EDC mediated coupling reaction. The graft copolymers were confirmed by FT-IR and 1 H-NMR spectroscopic methods. The swelling ratio of NOCC-g-PNIPAAm copolymers was found to be dependent on both pH value and temperature of the aqueous solution. The pH dependent swelling behaviour was due to the presence of residual amine groups in the NOCC chain. The swelling ratio of NOCC-g-PNIPAAm copolymers had the lowest values at pH 7.4. The phase transition of NOCC-g-PNIPAAm copolymers was greatly influenced by the amount of PNIPAAm present in the copolymer. The higher the content of PNIPAAm, the more pronounced phase transition was observed. The phase transition behaviour of NOCC-g-PNIPAAm hydrogels was also found to be dependent on pH. Due to the protonation of residual amine groups present in the graft copolymer chain, the sharpness of phase transition of the copolymers was decreased at pH 2.1. The presence of PNIPAAm component in the hydrogels provides them with a high affinity for hydrophobic drugs in an aqueous medium. That is, the drug loading ability was increased by increasing the PNIPAAm content in the graft copolymers. The drug release study showed that NOCC-g-PNIPAAm beads provided a slower release of the entrapped drug, and the release behaviour was influenced by both the pH value and temperature of the medium. These results suggest that NOCC-g-PNIPAAm hydrogels may become a potential injectable delivery system to control the release of hydrophobic drug with pH and temperature responsive capability. From this study, it is clear that both NOCC and PNIPAAm networks play an important role in the swelling/collapse transition and in the drug loading/release behaviour of the NOCC-gPNIPAAm hydrogels. Thus, the gel structure based on the NOCC/PNIPAAm weight ratio is a key factor for their performance.
Experimental
Materials
Chitosan (Viscosity average molecular weight, 6.7 × 10 5 g/mol; degree of Ndeacetylation, 75 -85%) was purchased from Sigma Chemical Company, Germany. N-isopropylacrylamide (NIPAAm), monochloroacetic acid, isopropyl alcohol, 2-aminoethanethiol hydrochloride (AESH) and N,N´-azobisisobutyronitrile (AIBN) were purchased from Aldrich, Germany. All other chemicals and reagents used were of analytical grade.
Synthesis of N,O-carboxymethyl chitosan (NOCC)
NOCC was synthesized as per a procedure described in the literature [15, 16, 27] . Chitosan powder (5 g, 31.06 mmol glucoseamine) was suspended in 50 ml of isopropyl alcohol and the resulting slurry was stirred in a 250-ml flask at room temperature. 12.5 ml of aqueous NaOH solution (10 N), divided into five equal portions, was then added to the stirred slurry over a period of 25 min. The alkaline slurry was stirred at 300 rpm for additional 30 min. Subsequently, monochloroacetic acid (30 g, 0.317 mol) was added, in five equal portions, at 1 min intervals. Heat was then applied to bring the reaction mixture to a temperature of 60 ºC and stirring at this temperature was continued for 3 h. Afterwards, the reaction mixture was filtered and thoroughly rinsed with methanol. The resultant NOCC was dried in an oven at 60 ºC. The elemental analysis showed that the substitution degree of carboxymethylation of NOCC is 0. 
Synthesis of amino-telechelic PNIPAAm
Amino-telechelic PNIPAAm was synthesized by radical polymerization using AESH as a chain transfer agent and AIBN as an initiator [29] . NIPAAm (9.7 × 10 -2 mol), AESH (4.85 × 10 -3 mol), AIBN (5.5 × 10 -5 mol) were dissolved in dimethylformamide (110 ml). Dried nitrogen was bubbled into the solution for 20 min prior to polymerization. Polymerization was carried out at 75 ºC for 8 h under nitrogen atmosphere. After the reaction, the product was precipitated into an excess of diethyl ether and dried at room temperature. The dried polymer was purified by precipitation in hot water and dissolved in water. The product was obtained by using a Labconco Lyph Lock 4.5 freeze dryer.
Preparation of NOCC-g-PNIPAAm copolymer
NOCC was grafted onto PNIPAAm-NH 2 by using EDC mediated reaction at neutral pH (Fig. 7) . NOCC and PNIPAAm-NH 2 with different weight ratios (1:0.5, 1:1 and 1:2) were dissolved in water at room temperature. EDC was added to the solution to form amide bonds between the NOCC carboxyl groups and the PNIPAAm-NH 2 The solution had a NOCC/EDC molar ratio of 1:2. The mixed solution was continuously stirred at 300 rpm for 24 h at room temperature. The reactant mixture was dialyzed in cellulose membrane tubing (M w cut-off 12000) against distilled water for 4 days with 12 changes of water to remove the by-products and other impurities. The resulting solution was precipitated and washed with hot water. Then, the product was repeatedly washed with acetone and absolute alcohol and then dried under vacuum at 40 °C. The resultant materials with different reaction ratios were referred as NOCC-g-PNIPAAm-1 (1:0.5), NOCC-g-PNIPAAm-2 (1:1) and NOCC-g-PNIPAAm-3 (1:2). Elemental analysis of N (wt %) was used to confirm the grafting reaction. The results showed that the N content in the hydrogel increased as the amount of PNIPAAm-NH 2 in the hydrogel increased. The N content of NOCC-g-PNIPAAm-1, NOCC-g-PNIPAAm-2 and NOCC-g-PNIPAAm-3 is 6.13, 7.05 and 9.2 respectively.
Characterization
The FT-IR spectra of the derivatives were recorded with a double-beam Perkin-Elmer 1600 FT-IR spectrometer in the range of 4000-400 cm -1 using KBr pellets. The 1 H-NMR spectra were conducted on a 300 MHz 1 H-NMR instrument (Varian Unity Plus 300 MHz spectrometer) with deuterium oxide. The elemental analyses were carried out with a Perkin-Elmer CHNS-O 2000 elemental analyzer. Absorbance measurements were carried out in a Shimadzu UV-visible spectrophotometer model UV-1601. Calibration curve of absorbance against different concentrations of ketoprofen was made at 267 nm.
Phase transition temperature of copolymers
The phase transition behaviour of various copolymer samples (3 wt/v %), placed in quartz cuvette, was studied by measuring the optical transmittance of the system at 480 nm over the temperature range, 20-50 ºC. An UV-Visible spectrophotometer (Shimadzu UV-1601) equipped with temperature controller was used to measure the optical transmittance. For comparison, the transmittance of pure PNIPAAm was also measured.
Preparation of drug loaded NOCC-g-PNIPAAm beads
NOCC-g-PNIPAAm solution was prepared by dissolving 2 g of NOCC-g-PNIPAAm in 100 ml of distilled water. With this solution, a known amount of ketoprofen (200 mg) was added and dispersed under constant stirring at 300 rpm for 1 h. The homogeneous mixture was extruded in the form of droplets using a syringe into NaOH-methanol solution. The resultant beads were then placed in a beaker containing 50 ml of GA solution (0.125 M) and maintained at 60 ºC for 1 hour to ensure complete crosslinking. Finally, the beads were successively washed with hot and cold water to remove free GA and dried at room temperature. The beads were about 600 -800 μm in size and roughly spherical in shape, and appeared to have smooth outer surfaces.
Determination of initial drug content
A weighed quantity (50 mg) of drug loaded beads was extracted with ethanol at room temperature for 48 h under uniform stirring (100 rpm). After centrifugation, the ketoprofen in the supernatant was assayed by UV-visible spectrophotometer at a wavelength of 267 nm. All the experiments were carried out in triplicate. The initial drug content of the beads NOCC-g-PNIPAAm-1, NOCC-g-PNIPAAm-2 and NOCC-gPNIPAAm-3 is 7.29, 7.89 and 8.21%, respectively.
Swelling studies
The swelling behaviour of the NOCC-g-PNIPAAm beads was studied in solutions of different pH (2.1 and 7.4) and different temperatures (21 and 37 °C). The swelling solutions used were same as those used for drug release studies. The beads were accurately weighed (W 0 ) and immersed in solutions of pH 2.1 and 7.4. At predetermined time intervals the swollen beads were weighed after they were wiped with soft paper tissue (W t ). The degree of swelling for each sample at time t was calculated by using the expression: (W t -W 0 ) / W 0 × 100, where W t and W 0 are the weights of the beads at time t and in the dry state, respectively.
Drug release studies
The release studies were performed in a glass apparatus containing 100 ml of HClKCl (pH 2.1) and phosphate buffer (pH 7.4) solutions at 21 and 37 ºC. Drug loaded beads (25 mg) were suspended in the release medium and kept in a water bath maintaining the constant temperature. Samples (2 ml) were periodically removed and assayed. The volume of each sample withdrawn was replaced by the same volume of fresh medium. The amount of released ketoprofen was analyzed with a spectrophotometer at 267 nm. The drug release studies were performed in triplicate for each of the samples.
